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ANH HUONG CUA NHIEN LIEU HYDRO TOI QUA TRINH CHAY
VA HINH THANH PHAT THAI CUA PONG CO DIESEL

Trinh Xuin Phong'?, Hoang Pinh Long', Nguyén Pirc Khanh'

Toém tit: Bai bao nay trinh bay két qua nghién ciru mé phéng danh gia anh hiromg ciia nhién liéu
hydro dén dap sudt ciec dai trong buong dot va sir hinh thanh phat thai ciia déng co diesel sir dung
phan mém AVL Boost. Péi tircong nghién ciru la dong co diesel may néng nghiép R180. Qud trinh mé
phong diroc thiec hién béng cach thay thé diesel bing hydro vaéi ti Ié ting dan tir 5%, 10%, 20% va
30% téng ning lirong cung cdp. Két qua cho thay rdng khi bé sung hydro trén dirong 6ng nap véi ti lé
nhé hon 20%, dp sudt qua trinh chay ting 1én, phat thai Soot giam manh nhieng phat thai NO. tang.
Tuy nhién, néu bé sung hvdro 16m hon 30%, Gp sudt qua trinh chay giam, toc do hinh thanh NO,
giam, phat thai Soot tang.

Tir khoa: Pong co ludng nhién liéu, bo sung hydro, giam phat thai. phat thai NOx, phat thai Soot, ddc

tinh chay va phat thai

1. PAT VAN DE

Hién nay, dong co diesel la loai dong co khong
thé thay thé trén cac phwong tién giao thong van tai
dac chung, may phat dién... do tinh tiét kiém nhién
liéu, do tin cay va do bén bi, tuy nhién dong co
diesel lai phat thai nhiéu cac chét doc hai nhu NO,
va khoi bui (PM) (Agrawal, June 2004). Theo mot
théng ké thi lwong khi thai doc hai cua dong co
diesel chiém ti trong 16n cia phat thai trén thé gidi,
cu thé 1a NO, 60%, PM 10% va CO 30% (OECD
(2016)). Voi su gia tang ngay cang 16n cua dong co
diesel, day la suw de doa vdi moi tredng boi vi s
phat thai doc hai ctia cua noé va nguy co can kién
nguén nhién liéu héa thach toan cau. Piéu nay dan
dén thuc day viéc phai tim ra cac ngudn nhién liéu
thay thé dé dam bao phat trién bén vimg. Cac nha
khoa hoc da va dang nghién ctru rong rai vé cac
linh virc nhw: khi tw nhién, hydro, nhién liéu sinh
hoc, dién, thu hoi nhiét khi thai... dé han ché phat
thai. Viéc tng dung hydro cho dong co diesel duroc
nghién ciru nhiéu trong nhitng ndm gan day. Hydro
duge xem nhw la mot nguén nhién nhiéu thay thé

‘: Vién Co khi Dong hec, Tiirong Pai hoc Bach khoa Ha Ngi
* Khoa Co khi, Trneong Pai hoc St pham Ky thudit Nam Dinh

day tiém nang vi phat thai khong 6 nhiém, v6 han
trong tw nhién. Tuy nhién viéc st dung nhién liéu
hydro nhw moét loai nhién liéu chinh con nhiéu bat
cap vi thé viéc sir dung nhién liéu hydro nhw la mét
loai nhién liéu bod sung hé tro cho nhién liéu chinh
la mét cach ‘riép can thue té nhat déi véi nhiéu nha
khoa hoc (Sharma & Dhar, 2018). Pac tinh cua 2
loai nhién liéu nay bo sung cho nhau khic phuc
nhwoe diém cia nhau. Hydro dwge phun vao dwong
éng nap va hoa tron véi khong khi sach lam cho
hon hop khong khi dong nhat nhd sy khuéch tan
ctia né, diesel phun vao budng dét sé tir chay va trg
thanh nguén lra dé d6t chay hoén hop hoa khi
diesel-hydro giip qua trinh chay cua nhién liéu
diesel triét dé hon.

Cung cap hydro trén dwong 6ng nap cho dong
co diesel s& anh hréng dén cong suat dong co. Dé
dang nhan thay rang thé tich khi nap s& bi giam do
hydro chiém ché cua khéng khi nap. Sharma
(Sharma & Dhar, 2018) va Edwin (Edwin Geo,
Nagarajan, & Nagalingam, 2008) cho thay c6 sy
sut giam 6% lwong khong khi nap & trirong hop
13.4% nhién liéu hydro thay thé. Nhiéu nha
nghién ctru khac ciing khang dinh si giam khéng
khi nap khi thay thé hydro cho diesel (Haragopala
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Rao, Shrivastava, & Bhakta, 1983; Liew et al.,
2012; Masood, Mehdi, & Ram Reddy, 2007). Ti lé
phﬁn tram sut giam phu thudc vao loai dong co va
cac théng s6 lam viéc. Tuy nhién d6i véi hiéu qua
nhiét, c6 suw khong dong nhat trong cac két qua
nghién ctru. Lata cho biét hiéu suat giam 2.2% véi
sir thay thé hydro 9% ¢ tai thap ciia dong co diesel
62.5 HP ¢ 1500 v/p (Lata & Misra, 2010). Sharma
cling nhan thay sw giam hiéu suat & tat ca cac cong
trinh nghién cttu cua minh (Sharma & Dhar,
2018). Trong khi d6 Edwin cho biét hiéu suat c6
ich tang khi & 75% va 100% tai (Edwin Geo et al.,
2008) khi sir dung hydro thay thé diesel. Hiéu suat
nhiét tang 2% vd&i 10% hydro thay thé.

Trong nghién ctru nay, trinh bay anh hwong cia
viéc thay thé mot ph?m nhién liéu diesel bﬁng
nhién liéu hydro dwoe b sung trén dwdng ng nap
bang phwong phap moé hinh mé phong trén quan
diém tong ning hrong cung cap khong déi. Mot s6
ky hiéu trén bai bao cé nghia nhw sau: HES
(hydrogen energy share) la ti 16 hydro thay thé
diesel; H10 co6 nghia la ti 1é hydro thay thé 1a 10%
tong nang lwrong cung cap, EOHO la dong co thuan
nhién liéu diesel.

2.NOI DUNG NGHIEN CUU

2.1. Trinh ty nghién ctru

1. Tién hanh thuc nghiém xay dung dic tinh
cua déng co (dac tinh ngoai va dac tinh bo phan
tai 1500 v/p)

2. Xay dyng mo6 hinh moé phong trén AVL
Boost

3. Panh gia do tin cay cua mo6 hinh

4. Mo phong dong co st dung hrdng nhién liéu
diesel-hydro

5. Panh gia két qua va moé phong cac ti 1é
hydro thay thé Ién hon, dé danh gia sy anh hwong
cuia ti 16 hydro thay thé dén dién bién ap suat va
hinh thanh phat thai trong budng dt.

Qua trinh nghién ctru thwe nghiém duoc dién ra
tai Trung tam nghién cttu dong co, nhién liéu va
khi thai, Vién Co khi Pong hre, Trweong Pai hoc
Bach khoa Ha Nou.

2.2. Trang thiét bi thi nghiém

So dd bd tri nghién ctru thtt nghiém dwgc
trinh bay & hinh 1. Théng s6 k¥ thuat co ban cia
dong co st dung trong nghién ctru nay dwoc

trinh bay & bang 1.

Bing 1. Théng s6 k¥ thuat déng co nghién ciru

Théng s6 ky thuit Gia tri Pon vi
Hanbh trinh pit-tong 80 mm
Puong kinh xi-lanh 80 mm
Dung tich cong tac 0.402 Lit
Cong suat cure dai 5.17 tai 2600 v/p kW
Ty s6 nén 21
Suat tiéu hao nhién liéu g. 278 g/kW.h

Trong thi nghiém nay cac trang thiét bi thi
nghiém bao gf“:m: phanh dién dong co DW-16, thiét
bido ap suat buf“mg dot AVL 620 Indiset, thiét bi do
tiéu hao khong khi Hot-Film-An-Mass meter
(HFMS), thiét bi do tiéu hao nhién liéu AVL Fuel
Balance 733S; thiét bi do tiéu hao nhién liéu hydro
GFC mass flow, thiét bi do lambda, tu phan tich khi

thai CEB-IL thiét bi do @6 khoi AVL dismoke 4000.
AVL Digas 4000 dé do hrong phat thai CO va THC
bang phwong phap hong ngoai trong khi phat thai
NO, dat dugc béng phwong phap dién hoa. Mat
khac, cac gia tri phat thai CO thu dugc la trén co s&
% khoi hrong trong khi cac gia tri phat thai NOx va
THC thu dugc dugc tinh theo ppm,

KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 73 (3/2021) 79



w
gy o

Tin hidu Loadosl

Hinh 1. So do bang thir phuc vu thir nghiém

1. Bong co thir nghiém; 2. Bé thir cong suat; 3. Thiét bi phan tich khi thai; 4. Bo thu thap di liéu. 5.
Man hinh hién thi; 6. Cam bién do tiéu hao nhién liéu diesel; 7. Thiét bi do ap suat buf“:lng dot; 8. Loc
khi; 9. Cam bién hwru hrong khi nap; 10. Voi phun hydro; 11. Cam bién do ap suat buéng dot; 12. Van
EGR; 13. B lam mat khi luan hoi; 14. Cam bién nhiét @6 khi thai; 15. Cam bién lambda;16. Cam bién
thoi diém phun hydro; 17. ECU diéu khién voi phun hydro; 18. Binh hydro; 19. Van khoa co khi. 20. Bo
giam 4ap; 21. Cam bién hru lwong hydro; 22. Van 1 chiéu; 23.Van chéng chay nguroc

2.3. X4y dung m6 hinh mé phéng

11
cL MP1 SB1
R N 1
¢ 3
MP3
MP2
R2
E1
MP4 W5
Cc1
MP5
R3 PL1
. N
MP6 MPT SB2

Hinh 2. Mo hinh mo phong dong co hirong nhién liéu trén AVL Boost
SB1.2 la diéu kién bién; CL la bau loc, I1 1a voi phun hydro;
C1 la xi-lanh: PL1 14 binh 6n ap: E1 la dong co: R1 ph?m tr can : MP la cac diém do
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Pong co R180 dwoc mo hinh hoa trén ph?m
mém AVL Boost dwa trén cac thong s két cau co
ban cua dong co nhu duoc thé hién trén hinh 2.
Mo hinh cho qua trinh chay cia dong co ludng
nhién liéu la mé hinh chay AVL MCC. M6 hinh
nay co thé s dung cho nhién liéu diesel hoac da
nhién liéu gitra diesel va mot loai nhién liéu
khac. M6 hinh c6 kha nang du doan tée do giai
phong nhiét trong déng co hinh thanh hén hop
khong déng nhat, sw anh hwong qua trinh luan
hoi va du doan dwoc su hinh thanh NO,. CO va
soot (Boost, 2011).

Hé s6 du lwong khong khi lambda trong
treong hop st dung hwdng nhién liéu duoc xac
dinh nhw sau:

m, (D)

A=
A A

mpl—)p+tMgl—)g

o(Po+ma (D

Trong doé: m; mp va mgyg lan lwot 1a lwong
khong khi nap, hrong nhién liéu diesel va lrong
nhién liéu khi hydro cung c&“ip; (A/F)p va (A/F)gla
ty 16 khong khi/nhién liéu Iy thuyét cua diesel va
hydro, (4/F)p = 14.5 (kgkk/kgnl) va (4/F)g = 34,5
(kgkk/kgnl)

Ti 1é hydro thay thé= 2% x100% )
My,
Luong hydro thay thé :m&xLHVD —my, x 2.8 (3)
"~ LHV, - 1197

Trong do6 mp, la hwrgng diesel bi thay thé, mpara
la hrong diesel ban dau. LHVp va LHVy 1a nhiét tri

Dong co thuan diesel

gelg/kwh)

—
B S 200.00
1.00
—a— NeHO_tn -~a--NeNO_mp 100,00
—a—geH0_tn ==n==geHl_mp 0.00
1300 1500 1800 2000 2200 2400 2600
Toc da ding co {v/p)

Hinh 3. Do thi danh gia do tin cay ciia mo hinh
thuan diesel ¢ toan tai

thap cua diesel va hydro (MJ/kg). LHVp = 42.8
(MJ/kg) va LHV;=119.7 (MI/kg):

Trong trwong hop st dung lwdéng nhién liéu,
tinh nang kinh té cia dong co dwge danh gia
bang suat tiéu hao nang lwong cé ich BSEC
(Brake Specific Energy Consumption) xac dinh

theo cong thirc

mDLHIfD+mHLHT/H (4)

BP

BSEC =

Trong d6 BP (Brake Power) la cong suat c6 ich
cua dong co

3.KET QUA NGHIEN CUU VA THAO LUAN

3.1. Panh gia d¢ tin cdy cia m6 hinh

Do tin cay cua mo hinh dwoc danh gia bﬁng
cach so sanh két qua thwe nghiém va mé phong &
mot sd ché @6 lam viée dién hinh cua dong co.
Hinh 3 trinh bay dién bién cong suat va suat tiéu
hao nhién liéu tai dac tinh ngoai cua dong co
thuan diesel khi thirc nghiém va mé phong. Hinh
4 trinh bay suat tiéu hao nhién liéu cua dong co
thuan diesel va tiéu hao nang lwong ctia dong co
lwdng nhién liéu (thay thé 5% toéng ning hrong
cung cap) tai toe do 1500 v/p. Két qua cho thay
sai sO gitta thwe nghiém va mé phong nhoé hon
5%. Vi vay. két qua mé phong tir mé hinh nay c6
thé dwoc s dung lam s6 liéu tham chiéu khi
nghién ctru anh hwong cua cac ti 1€ hydro thay
thé khac nhau.

1500 (v/p)

gel g/ kwWh)

BSEC{MI/kWh)

Hinh 4. Dé thi danh gia do tin cay ctia mé hinh
khi HES 5% 6 toc do 1500 v/p
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3.2. Lwong nhién liéu cung cip véi cic ti 1é
thay thé khic nhau khi mé phéng
Hinh 5 va hinh 6 trinh bay vé lrong tiéu

hao nhién liéu diesel va lwong tiéu hao hydro

Tiéu hao nhién liéu diesel_mp, 1500 (v/p)

i trong dong cor (kw)

Hinh 5. D6 thi tiéu hao nhién liéu diesel
khi mo phong

Anh hwéng cia hydro dén tinh nang lam viée
va phat thai cia dong co dwge danh gia qua dién
bién ap suat xi-lanh, hé sé lambda. téc d6 hinh
thanh phat thai Soot va NOy.

3.3. Anh huéng cia HES t6i hé s6 lambda

Hinh 7 trinh bay anh hwong cua HES tdi
lambda ciia dong co diesel. Co thé thay rang tai
toc d6 1500 v/p khi tai trong tang thi lambda
giam. Néu thay thé hydro bang diesel, hrong
hydro chiém ché khong khi nap dan téi lamba tiép
tuc giam. Lambda giam manh khi lrong hydro
thay thé cang nhiéu. Viéc chi nap duoc it 6-xy vao
trong budng d6t dan téi khong du khong khi dé
d6t diesel va hydro, do d6 anh hwong téi ddc tinh
chay va phat thai cia dong co diesel.

Hé so6 Lambda_mp, 1500 (v/p)

Hinh 7. Anh Ieong ciia HES t6i hé 56 lambda

nhap vao moé hinh AVL Boost & tde do 1500
v/p véi cac tai trong khac nhau. Cac théng s
nhap vao dam bao khéng dbi vé téng ning

lwong cung cap.

likg/h)
\.

Hinh 6. Pé thi tiéu hao nhién liéu hvdro
khi mo phong

3.4. Anh hwéng caa HES téi ap suit trong
xi-lanh

Hinh 8 trinh bay dién bién ap suét trong xi-lanh
khi b6 sung hydro cho déng co diesel & toc @6
1500 v/p véi tai trong thay d6i. Co thé thay ring &
1kW ap suat budng dot gia tang ti 16 voi viée gia
tang HES. Nhung d6i véi tai trong 2kW va 3kW
thi 4p suat buong dét chi tang khi HES nho hon
20%, tai H30 thi ap suat budng c6 xu huéng giam.
Tai tai 4kW thi ap suat budng dot chi ting voi
HES nho hon 5%, con néu thay thé 16n hon 5% thi
ap suat giam manh.

Diéu nay cé thé giail thich 1a do nhiét tr1 va
téc d6 chay cua hydro 1én hon nhiéu so véi
diesel nén nang lrong cung cap sé& 16n hon,
ngoai ra viéc co6 hydro sé lam cho hoa khi
trong nhién liéu déng déu hon dan téi qua
trinh chay triét ¢é hon. Nhung néu bé sung
hydro qua nhiéu thi lrong diesel s& giam di,
lwong 6-xy nap vao budng dét giam do hydro
chiém ché. Piéu nay dan téi su chay khong
hoan hao hodc khong tao ra dugce moi lra dé
d6t chay nhién liéu. Néu diesel khong thé
chay hodc chay sai thoi diém, chay khong
hoan toan s& anh hwéng téi ap suat trong
budng dét cua déng co.
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1500H_mp

Ap sudt cure dai trong xi-lanh{kg/cm2)

Hinh 8. Anh Inrong ciia HES 161 ap sudt cuee dai
trong xi-lanh

3.5. Anh hwéng cia HES téi téc do hinh
thanh phat thai Soot va Nox

1500(v/p), 3kW_mp

Hinh 9. Anh Inrong ciia HES t61i téc dé
hinh thanh soot

Hinh 9 trinh bay anh huéng cia HES tdé1 su
hinh thanh soot tai téc do 1500 v/p va tai trong
3kW. Nhiét @6 cao va thiéu hut 6-xy la hai yéu to
chinh dan dén sy hinh thanh Soot cta dong co
thuan diesel nhung khi bd sung hydro thi soot lai
giam. Piéu nay co thé giai thich bai cac Iy do sau
day. Thir nhat, phat thai Soot chu yéu dén tir su
d6t chay khong hoan toan cua nhién liéu diesel,
viée thay thé nhién liéu diesel bang hydro s& dan
lam giam ham hrong cac-bon trong téng khoi
lwgng nhién liéu tham gia vao qua trinh chay. Thw
hai, viéc bé sung hydro d4 cai thién qua trinh d6t
chay khuéch tan cua nhién liéu diesel. Khi hydro
thém vao xi-lanh, né lam thoi diém bdéc chay
muén hon va tao thanh hén hop khong khi diesel
déng nhat hon & moét mute do nhat dinh. Vi vay,
khi qua trinh chay bat dau, hydro lan truyén nhanh
chong va thic day qua trinh dét chay khuéch tan
ctia dong co diesel dé giam phat thai soot. Thit ba,
st lan truyén nhanh chéng ctia ngon Iira hydro da

day nhanh qua trinh 6-xy hoa soot. Tat ca cac yéu
to trén da cai thién qua trinh chay cua doéng co.
nh¢ do phat thai soot giam dang ké.

1500 (v/p), 3kW_mp

Goe quay trpe khuayu (dé)

Hinh 10. Anh Irong ciia HES t6i t6c dé
hinh thanh Nox

Hydro c6 tac dung giam soot manh khi tham
gia vao qua trinh chay cua dong co diesel nhung
no6 lai lam tang ham hrgng NO,. Hinh 10 cho thﬁy
st thay d6i ciia NO, theo ti 1é hydro bd sung. Tée
do hinh thanh NO, tang lén cung vdi sw gia tang
HES dat gia tr1 16n nhat véi HES 1a 20%. Véi
HES30, toc d6 hinh thanh phat thai NO, giam
manh. Nhirng thay d6i ciia NOy, khi c6 HES ¢6 thé
giai thich tir cac diéu kién hinh thanh NOy. Khi
ham lwong HES hop Iy thi nho dac tinh chay
nhanh cia hydro lam thoi gian chay ngan lai, ap
suat va nhiét do tang cao dan t&i gia tang sw hinh
thanh NO. Nhung vé1 HES qua 1én (30%), hrong
diesel dwge cung cap vao xi-lanh s& giam dang ké
sé anh hwong t&i qua trinh chay: thoi diém chay
muoén di, nhiét do giam xuéng._ ap suat glam
Xuéng. Mic du 11511g do o-xy tang, khi thai NOy
van giam. O ti 1é nay ap suat budng d6t giam va
phat thai Soot tang do nhién liéu diesel khong
chay hét.

4. KET LUAN

Anh hwong cua viéc thay thé nhién liéu diesel
bang hydro t6i dac tinh chay va phat thai cia dong
co diesel da dwoc nghién ctru. Cac théng sé
nghién ciru la ti 1é hydro bd sung, ap suat cue dai
trong budng chay, téc d6 hinh thanh phat thai NOy
va Soot & toc d6 1500 v/p, tai trong 3kW.

Viée bo sung hydro vao dong co diesel co anh
hwong dén suw hinh thanh hén hop, déc tinh chay
va phat thai ctia dong co diesel. Ap suét budng d6t
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tang va téc d6 hinh thanh Soot giam manh mac du  1a xu hwéng day tiém nang trong viéc giam phat
tdc @6 hinh thanh NOx tang khi bd sung hydro vé1  thai loai chat thai doc hai nay cho dong co dét
ti 1é nho hon 20%. Soot la mat loai phat thai doc  trong. Viéc phat thai NOy gia tang khi bd sung
hai vé cting kho xtt Iy va ton kém. Vi thé viéc bé  hydro co thé ding bién phap luan hoi khi thai dé
sung hydro trén dwong éng nap cho dong co diesel  xit Iy.
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Abstract:
INFLUENCE OF HYDROGEN ON COMBUSTION AND EMISSION FORMATION
CHARACTERISTIC OF DIESEL ENGINE

This paper presents the simulation results on the effects of hvdrogen on combustion characteristics and
emission formation of a diesel engine using AVL Boost software. The research was conducted on an
agriculture diesel engine R180. Hvdrogen was supplied into the intake manifold of the engine by the
percentage of 5%, 10%, 20% and 30%. The results show that when adding hyvdrogen into the intake
manifold at a reasonable rate, the combustion process improved as in cvlinder pressure increased.
TheSoot emissions reduced sharply but NOx emissions increased. However, if hvdrogen was supplied
too much, the in cyvlinder pressure decreased, and as a result, NOx formation rate decreased when Soot
emissions increased due to imperfect combustion process.

Keywords: Dual fuel engine, hydrogen addition, reduce emissions, NOx emission, Soot emission,
combustion and emission characteristic
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